TYPICAL patent ductus arteriosus (atypical PDA) generally indicates the cases without a continuous murmur pathognomonic to this congenital anomaly.1)-21) In this particular group of PDA, which constitutes an approximately 5 per cent of total cases,5),22)-24) the cause of the lack of typical murmur due to other than pulmonary hypertension is unusual.5),6),9),11)-14),24)-31) On the other hand, it has been believed that a typical murmur is provoked by vasopressor agent in cases of atypical PDA.5),29),32) This is due to the development of the significant aortic-pulmonary pressure gradient by this drug. This report presents a case of intermittent continuous murmur of proved PDA without pulmonary hypertension and in which amyl nitrite caused attenuation followed by marked intensification of the murmur, whereas vasopressor agent (methoxamine) also caused attenuation or disappearance of the murmur. CASE REPORT K. M. (414627), a 20-year-old unmarried female was referred to the phonocardiography because of the murmur. She had a normal birth and development and had no complaints up to the present time. Her history was not contributory except the murmur. A murmur was firstly pointed out early in childhood, and it was not detected at the usual check-up for the entrance to primary school. However, annual physical examination revealed this murmur at the age of 10, and the family was noticed that she has heart disease of probably congenital in origin. Despite this history, the subsequent annual check-up failed to detect the murmur for about 10 years. Lastly, this murmur was again pointed out on the physical examination at the time of the entrance examination of nursery school.
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The pulse was regular, normal counting and there was no unequality between four limbs. Blood pressure was 120/80 mm.Hg in the right arm. Chest was flat but had no deformity. Apical impulse was located normally and not heaving, indicating no cardiac enlargement as well as left ventricular hypertrophy. These palpatory findings were ascertained by chest roentgenogram ( Fig. 1 ) and electrocardiogram ( Fig. 2) . Parasternal lift was not observed, but very slight heaving sensation was appreciated in the left second intercostal space 5 cm. left from the midsternal line, where the mainly late systolic thrill was palpable. No palpatory shock of pulmonic component of the second heart sound was observed. Auscultation revealed the normal apical first sound, no pathological ejection sound, and the apical third heart sound. The splitting of the second heart sound was not correctly evaluated because of the concomitant loud continous murmur which was widely transmitted. No Hochsinger's sign was noticed. However, the second sound in the pulmonic area was thought to be slightly accentuated without conclusion that this is due to accentuation of either aortic or pulmonic component. The continuous murmur best heard lateral to the pulmonic area was of grade IV to V/VI and was typical grinding murmur containing both low-and high-pitched components as in usual cases of PDA without pulmonary hypertension, and transmitted to both apical area and left neck. There was faint apical mid-diastolic rumble following the third heart sound. In the right neck, a grade II/VI accidental carotid bruit was noticed, but there was no pathological ejection or regurgitant systolic murmur on the precordium. Of particular interest was the marked change in both intensity and character of the murmur by the change of body position. The above-mentioned auscultatory findings were obtained from the patient in recumbent position , but the murmur was attenuated significantly and became lower pitched in the sitting position. However, several trials failed to cause the complete disappearance of the murmur.
Phonocardiograms revealed the validity of the most part of auscultatory findings. The second sound was proved to be split when both apical area and Erb's point were simultaneously recorded, and the amplitude of the pulmonic component was not larger than the aortic component, thus the auscultatory incompleteness was complemented. Carotid pulse tracing (Fig. 3, a) also confirmed the usual sequence of splitting. The indirect pulmonary arterial curve (Fig. 3, b) , which was recorded by low-frequency pick-up tightly pressed against the point of maximum of palpatory impulse coinciding the point of maximum intensity of the murmur, disclosed that the second component of the second heart sound was pulmonic, because the notch was coincided in time with this component. This low-frequency tracing also showed a series of late systolic and early diastolic tiny vibrations which reflect the thrill caused by the intense murmur. There was an apical ejection systolic murmur followed by systolic component of continuous murmur, and this is not unusual in most of uncomplicated PDA.
Including all the findings of routine examination, the clinical diagnosis of this patient was uncomplicated PDA with small left-to-right shunt. Based on the history, the intermittent disappearance and appearance of the murmur was thought to be the particular anatomical situation of the ductus.
Though the clinical diagnosis was thought to be hundred per cent correct, the functional test using vasoactive drugs was performed to observe the response of the murmur in this particular case. Prior to the test, it was suspected that amyl nitrite will attenuate the murmur, whereas methoxamine augment it. As shown in Fig. 4 , amyl nitrite test resulted in definite attenuation, particularly of the diastolic component, of the murmur as in usual case (around 15 to 40 sec.). However, an unusually loud murmur appeared as soon as the tachycardia tended to subside thereafter. On the other hand, intravenous administration of methoxamine (0.1 mg./Kg., within 23 sec.), contrary to our expectation, caused the definite decrease in loudness of the murmur. Because of the peculiarity of the murmur, the patient was advised for further detailed examinations. Cardiac catheterization disclosed the normal pressure levels in both systemic and pulmonary circuits, and the catheter was introduced into aorta via ductus. Thus, the clinical diagnosis was confirmed, though the oxygen analysis failed to disclose the left-to-right shunt (Table I ). The continuous murmur was present throughout the procedure except when catheter was in the ductus. Intracardiac phonocardiography was undertaken subsequently using portable phonocardiograph and barium-titanate phonocatheter*. The murmur in the ductus was mainly late systolic in time and was variable in shape from beat to beat. The withdrawal of the catheter from ductus to main pulmonary artery disclosed sudden appearance of loud murmur (Fig. 5, a) , which was transmitted poorly to both right and left pulmonary arteries and not backward. Again the precordial murmur was greatly attenuated when the phonocatheter was placed in the ductus.
The functional phonocardiography using methoxamine was performed as mentioned previously. The phonocatheter was placed in the main pulmonary artery just on the opposite side faced to ductus, where the intense continuous murmur was recorded. Prior to the intravenous administration of methoxamine (same dose as in the previous test), the precordial murmur was continuous and was accompanied by thrill. Methoxamine caused marked systemic hypertension (from 120/60 to 165/85 mm. Hg, 1 min. after injection) and reflex bradycardia. The continuous murmur was more strikingly diminished than the previous test, and the early to mid-diastolic component of the murmur almost completely disappeared (Fig. 5, b) . Late systolic component remained but with lesser intensity. Late diastolic murmur of lesser amplitude was constantly observed during subsequent 3 to 4 min. Then the murmur gradually restored the continuous character. Blood pressure was returned to the control level 7 min. after injection. However, precordial auscultation could not reveal any continuous murmur up to the 15 min. after injection (cf. Fig. 5, b) , and the full development of this murmur on the precordium took about 30 min. after the maximum effect of methoxamine (last tracing of Fig. 5,  b) . There was no change in patient's condition during the catheterization and the functional phonocardiography.
No change of body position was permitted during the procedure.
DISCUSSION
As it has been precisely described by Leatham33) and subsequently been accepted widely, the continuous murmur is a kind of regurgitant murmur which is caused by communication between high-and low-pressure areas. In case of PDA, the former is aorta and the latter pulmonary artery.
This hemodynamic interpretation of the murmur clearly explains the cases with atypical non-continuous murmur, in which the aorto-pulmonary pressure gradient is not apparent due to pulmonary hypertension including Eisen- 
